The effects of ambient temperature, light intensity and their interaction on growth performance and carcass characteristics of broilers were investigated in 2 trials. The experiment was consisted of a factorial arrangement of treatments in a randomized complete block design. The 9 treatments consisted of 3 levels (Low = 15.6, Moderate = 21.1, High = 26.7 C) of temperatures from d 21-56 d of age and 3 levels (0.5, 3.0, o 20 lx) of light intensities from 8-56 d of age at 50% RH. Five hundred and forty Ross 708 chicks were randomly distributed into 9 environmentally controlled chambers (30 males and 30 females chicks/chamber) at 1 d of age. Feed and water were provided ad libitum. Birds were provided a four phase-feeding program (starter: 1 to 14 d, grower: 15-28 d, finisher: 29-42 d and withdrawal: 43-56 d). At 56 d of age, both feed intake and birds' weight were recorded for the growth performance. Also, 20 (10 males and 10 females) birds from each chamber were processed to determine weights and yields. Broilers subjected to high ambient temperature of 26.7 C had significantly (P<0.05) lower BW, BWG, FI, carcass weight and pectoralis major o and minor weights along with a significant (P<0.05) increased in FCR when compared with low and moderate ambient temperatures broilers. Plasma corticosterone concentrations were not statistically affected by temperature, light intensity or their interaction, suggesting an absence of stress. These results indicate that exposure of modern heavy weight broilers to high ambient temperature of 26.7 C in comparison o with low and moderate ambient temperatures has a negative effect on growth performance and carcass characteristics, suggesting that they need to be grown under lower ambient temperature than previously reported.
INTRODUCTION
International animal welfare concerns have included the effects of temperature and lighting programs on broilers (Food Marketing Institute and National Council of Chain Restaurants, 2003; National Chicken Council, 2005) . Research development in poultry production has been displayed through the genetic selection of breeds for high productivity. However, this genetic potential will not be f ully realized until microenvironmental constraints (temperature, humidity, light intensity, air velocity, etc) have been fully addressed. Exposure of poultry t o chronic environmental temperatures (high or low) during the course of poultry production has an adverse impact on production efficiency (BW, BWG, FCR), meat yield, immune response and mortality (Washburn, 1985; Howlider and Rose, 1989) . Temperature needs of heavy birds (3.0 kg or greater) were shown to be lower than previously reported (Xin et al., 1994) . When ambient temperature is high, chickens have higher energy (feed) needs than when in thermoneutral environments. Major losses result from a less efficient conversion of feed to meat, which detrimentally impacts poultry health and productivity. It is estimated that a 1% improvement in feed conversion would save U.S. poultry producers more than $50 million/year. Light management is an important component of broiler production. Most modern lighting programs begin with a high light intensity (~20 lx) that is decreased to around 5 lx by 14-21 d of age and is then maintained at 5 lx or less for the remainder of the grow-out period. However, there are currently a wide variety of lighting programs (wavelength, intensity and duration) and devices available to poultry producers, with each possessing its own characteristics and applicability to rearing poultry. Although we have a good understanding of how photoperiod affects poultry production, our knowledge of how light intensity affects poultry production is shallow by comparison. These deficiencies, as well as the associated financial losses, have led to an increased interest in developing management techniques that will maximize broiler productivity while minimizing other associated problems. As such, poultry house ambient conditions along with adequate management strategies impact productivity and livability of poultry. The potential for changing temperature and light intensity to influence broiler productivity and health is receiving considerable investigation. Therefore, it is important to determine what levels of the various ambient factors could be in poultry houses to allow broilers to realize their genetic growth potential (Xin et al., 1994; Gates et al., 1998) . Although many studies have been conducted to evaluate the effect of the thermal environment on birds growth performance (Leenstra, 1992; Yoon et al., 1995; Abu-Dieyeh, 2006) , still more studies are necessary to examine the interrelationship of temperature and light intensity t o determine the adequate microenvironments (temperature, light-intensity) that can maximize genetic potential of modern heavy broilers, while reducing production costs. The objective of the present study was to evaluate the specific effects of ambient temperature, light intensity and their interaction on growth performance, processing yield and carcass quality of modern heavy broiler chickens.
MATERIALS AND METHODS
Bird husbandry: In each of 2 trials, with each trial lasting 8 wk, 540 1-d-old Ross 708 (Aviagen Inc., Huntsville, AL) chicks were purchased from a commercial hatchery and upon arrival, the chicks were sexed and then groupweighed. Chicks were randomly distributed into 9 environmentally controlled chambers (30 males and 30 females chicks/chamber). Chambers were switched between experiments to remove chamber effects so that treatments are not confounded. Each environmentally controlled chamber had a floor area of 6 m (2.3 m width 
Experimental treatments:
The temperature program treatments in this study were designated "high", "moderate" and "low" temperature to describe their relative differences. The final temperature in the "high" temperature program was 26.7 C (80 F), which would be Measurements: Both feed intake and birds' weight were recorded on d 56 of age for the computation of growth rate, feed consumption and feed conversion. The incidence of mortality was recorded daily and feed conversion was corrected for mortality. Necropsies and cause of death were performed on all birds that died during the trials. Furthermore, on d 56, 20 (10 males/10 females) birds per chamber were randomly selected for processing, weighed and subjected to a 12-h feed interaction on carcass yield and fat weight in the present withdrawal period. This weight was used to calculate study. Similar to growth performance data, there was no carcass and breast meat yield. Thereafter, the birds significant effect of light intensity or temperature x light were placed in coops and transported to the Mississippi intensity interaction on all examined variables in the State University Poultry Processing Plant. Birds were present study. electrically stunned, bled, scalded, mechanically picked
The influence of ambient temperature, light intensity and and mechanically eviscerated. Whole carcass (without their interaction on breast weights and yields of broilers neck, giblets, abdominal fat pad) and abdominal fat pad at 56 d of age are presented in Table 3 . Broilers reared were weighed. Carcasses were split into front and back halves and placed on ice for 4 h after which the front halves were deboned to obtain weights of skinless, boneless, breast fillet (pectorals major muscle) and breast tender (pectorals minor muscle). Carcass yield, abdominal fat pad and total breast meat yields (sum of pectorals major and minor muscles) were determined from live weights (post-feed withdrawal) of the broilers selected for processing at 56 d of age.
Statistical analysis:
A 3 x 3 factorial arranged in a randomized complete design was used in this study. Data were replicated over time, with trial being the blocking factor. Chamber was considered the experimental unit. The 9 treatments consisted of 3 levels of temperature x 3 levels of light intensity. The main effects of temperature and light intensity and the interaction of these two factors on live performance, processing yield and carcass quality were tested by using the MIXED procedure of SAS software (SAS Institute, 2004) . All mortality data were subjected to arc sine transformation. Means comparisons on d 56 were assessed by least significant differences and statements of significance were based on P<0.05.
RESULTS
The influences of ambient temperature exposure, light intensity and their interaction on growth performance of the broilers at d 56 are presented in Table 1 . Broilers reared at 26.7 C had a significant (P<0.05) reduction in o BW, BWG, FI, along with significant (P<0.05) increased in FCR when compared with low and moderate ambient temperatures broilers. Mortality was not significantly different between treatments, but rather variable and did not appear to be either temperature, light intensity or their interaction dependent. The main effect of light intensity on the examined variables was not observed in the present study. There was also no significant effect of ambient temperature x light intensity interaction on the examined variables. There were no significant main effects of temperature, light intensity, or their interaction on plasma corticosterone (data not shown). Broilers reared at 26.7 C had a significant (P<0.05) reduction in o live and carcass weights when compared with broilers basal metabolic rate can be reduced, or the bird's reared at 15.6 C and 21.1 C ( ambient temperatures broilers. The main effect o f ambient temperature on tender yields only approached significance at P = 0.0590. There was no significant effect of light intensity or temperature x light intensity interaction on fillet and tender in the present study.
DISCUSSION
When considering the birds' microenvironments, temperature and light are two of the major factors. These factors along with others (RH, air velocity, stocking density) affect the birds' metabolism, which in turn is responsible for maximizing growth performance and body heat to maintain normal physiological processes and functions. The current study clearly demonstrates that high ambient temperatures markedly affect the performance of the bird, as shown by decreased food consumption and growth. Further, the present study supports the general concept that over the growing period, the ambient temperature ranges of 15.6 C and o 21.1 C is more suitable for modern heavy broilers, which o is similar to that of mature fowls (Charles, 1986) . The results of the current study indicated that the increased ambient temperature had a significant impact on the metabolism of modern heavy broiler chickens. These metabolic changes were represented by reduced BW, BWG, FI and increased FCR of chickens during the growth period that had a significant negative impact on the efficiency of production. It has been shown that the chicken is most comfortable, more productive and stress is minimized when the ambient temperature is in the thermoneutral zone (Deaton et al., 1978) . The results obtained in this study, with respect to BW, weight gain, feed intake and feed conversion ratio, are in agreement with the temperature effects reported b y others (Deaton et al., 1984; McNaughton and Reece, 1984) . Modern fast-growing broilers must consume large quantities of feed in order to attain maximal growth rate. However, the intake and metabolism of feed have a thermogenic effect. At high ambient temperatures, the heat increment aggravates the problem by adding more heat to an already heat stressed system. Unless the tolerance of hyperthermia increased, feed intakes must decline to allow the maintenance of homeothermy. The bird therefore, reacts by lowering its voluntary feed intake, thereby decreasing the extra heat to be the optimum environmental temperature range in which These energy-consuming responses in a hot broilers are able to perform to their maximum genetic environment could reduce retention of metabolizable potential is between 12.7 and 26.7 C from 4-9 weeks of energy, thus reducing growth rate. A number of previous age. studies have observed similar detrimental effects of high The higher feed conversion ratio observed in broilers environmental temperature on BW, BWG in chickens that under high ambient temperature agreed with report of increased with age especially during the last wk o f Leeson et al. (1992) who reported that the best values of production at 8 wks of age (Plavnik and Yahav, 1998;  feed efficiency and feed conversion for broilers are Alfataftah and Abu-Dieyeh, 2007) . Harris et al. (1977) obtained under optimum environmental temperature reported that the best environmental temperatures for (12.7-26.7 C). In addition, other investigators (Reece optimum performance of broilers from 3-8 weeks of age and Lott, 1983; Meltzer, 1986) reported ambient were a constant 24 C or diurnal cyclic from 18-24 C. temperature above 28 C had a negative effect on feed to o o Deaton et al. (1984) reported similar findings that gain ratio of broilers compared with those reared at lowering the portion of the temperature cycle from 26.7-21 C. The poor conversion ratio obtained at 26.7 C in 21 C during a 24-h period significantly increased broiler this study might be related to decreased feed o body weight at 48 d of age. consumption, decreased feed utilization (insufficient In the current study, the depression in the growth rate digestion) as reported by previous researchers and body weight gain at high environmental (Wiernusz and Teeter, 1996; Yahav et al., 1996) . Mortality temperatures (26.7 C) might be due to many factors did n ot appear to be temperature or light intensity o which include decreasing feed consumption (Emmans dependent. Data for mortality were rather variable and and Charles, 1989) , inefficient digestion (Har et al., showed no trends that can be attributed to temperature. 2000), impaired metabolism (Farrell and Swain, 1978) ,
Source of variation ----------------------------------------------------------P-value -----------------------------------------------------------
In the current study, broilers reared at 26.7 C showed genetic make up of birds (Cahaner et al., 1995) and reduction in live weight, carcass weight, fillet weight, Source of variation Pooled SEM for interaction effect (n = 4) 4 tender weight and fillet yields at 56 d old. Previous composition, meat yield and particularly breast meat research has reported that decrease in carcass yield in broilers due to high ambient temperature (Howlider and Rose, 1989; Leenstra, 1992; Geraert et Harris, G.C., W.H. Dodgen and G.S. Nelson, 1977. al., 1996) , which are undesirable, considering the economic value of breast meat in broilers. In conclusion, these data indicate that exposure of modern heavy broilers to high ambient temperature of 26.7 C that we o used in this study in comparison with low and moderate ambient temperatures at 56 d old has a negative effect on growth performance and carcass characteristics, suggesting that modern heavy broilers need to be grown under lower ambient temperature than previously reported.
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